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Future Exploration Mission Requirements 
Cannot Be Met with Conventional Materials 
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Nanomaterials: Single Wall Carbon Nanotubes 


« 

C 

o 

mmmm 

"5 

o 

! Vi 

Q 

a 

< 

0 

n 

'35 

CO 

o 

a. 


tj 

c 

CO 

CO 

0 

_Q 


CD 

C 


CD 

0 


O) 


CD 0 
C CD 
CD.t=: 
±3 0 
GO O 

-£= C 

5 >l 

X 0 


'c 

o 

E 

■a 

c 

(0 


p 
0 

4 — 

■o 

c 

CO 

2 

o 

GO 

c 
0 
0 

M SsS 
offS 

§a® 

2 co 

o^ 

0 c 

0.2 

ps 3 

C ~ T 3 

0 F co 
Z 0 CC 


CD 

C 


0 

C 

o 


0 

CD 

CO 

o 

H — ’ 

0 

>* 

05 

0 

C 

0 

0 E 

o'o 

0§_ 
,=3 0 
LL O 


_0 

0 

0 
CO 

E 

■c 
o 
Cl 
Q. 
13 
0 

0 
O = 

O T3 

C 0 

.c o 
o c 
0 0 
-*— ■ s 

.2 -o 

CQ < 


CD 


0 

■0 .2 
r~ 

02 

CD 2 

c E 

|o 0 

0 CD 

JZ 0 
0 .C 

O 0 
0T3 

8g 

CO co 

E 

P O 


0 

0 

0 

0 

E 

0 

c 

o 

-t— ' 

o 

c 

3 


00 E: 

0 0 3 

m 0 ^ 


0 

0 

0 

0 

£ 
- t — 1 

c 

<D 

£ 

0 

O) 

0 

c 

0 

E 

0 

E 

0 

H 


(0 

c 

o 

■ ■■i 

5 

mrnmm 

E 


c 

0 

3 

O 


c 

o 

o 

3 

■O 

o 

D. 

X 

3 

*Q 


0 

CL 

0 

3 

CL 


0 

3 

cr 

CD 


0 

O 0 

§i 


c~ 

o 

-4— ' 

0 

_Q 


— P 


0) 
■l\g 

n O 

=-| £ 

_ 0 


0 

o 

o 

O) 

x 


° -F 
x: 

x: cd 

O 5 

0 i- 
JQ O 

1 S 

— C 

"0 0 
■c F 
£ 0 
co c 
E « 

c O 
— 0 

5 E 

2 jz 

ss 

6 2 

> 0 



<0 

0 

• HHB 

0 

Q 

0 

CL 

0 

3 

01 


0 E 
0 0 
0 

8.g> 
0 = 


JZ —3 


03 

C 

0 

L _ 
- t — 1 
0 

"CO 

C 

O 

%—> 

CL 

0 

8 

LU 


3 

0 



O 


>, 

> 


■8 8 
OX 
-2 £ 

0 0 
0)0 

■ii 

C0 = ^ 

25-0 

£SE 


2 0 

-0^0 
c .2 2 
o 


0 0 
o 

000 

E 0 0 

CLt 
0 0 3 
_0 0 0 

" l— ' 0 0 
-C CD CD 
CD Js i= 
“00 


«5 

s 

O 


C 

I “ 

S 4> 

© X! 

*22 3 

a i 

o ^ 

« i 

J U 

C /5 



0 

1 

0 


3 


O 


O 


r 

'0 


0 


;0 

K| 


8 


11 


understood 

Characterization tools, techniques and 
protocols not well developed 



Applied Nanotechnology at JSC: 
Fundamentals to Applications 








Technology Readiness Levels (TRL) 
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Basic principles observed and reported 


Growth, Modeling, Diagnostics and Production 
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Characterization: Purity, Dispersion & Consistency 
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Arepalli, et al. s Carbon, 2004 
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Nanoelectronics: Enabling Technologies 








Applications for Human Space Exploration 




Exploration Life Support 





Human consumable and throughput values 
in kg/crewmember/day Kiaus et ai. 2005 





Exploration Life Support: 
Atmosphere Revitalization System 
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Advanced Life Support: Regenerable C0 2 Removal 





co 

0 N 


d> 

o 

c 

0 

E 

c O 

.2 t 


CD 

CL 


'5 03 £ 

D" ~ 

2 0 


CD 


CD (0 


0 

O 


CO 

CO 

(0 

E 



CO 

CO 

0 

I 

>> 

"E 


® -= 



0 c 0 
CL 0 > 
0 +* 5 


UJ 

0 

z 

UJ 0 O 0 


C > — c 
O 0 -J-j § 

IS | § 

z 

0 

UJ 

H 

-1 

3 0 <= .1 


_1 

< 

0 < 0 
® C C/) O 

-1 

O 

X 

2 0 < 3 

CO 

0 

°. CD 7 -Q 
— 1 0 ^ 0 


• * 1- 



0 
E 
0 
-*— ■ 

o& 

0 

0 

v. 

0 

0 

O 

0 

t 

3 

0 


0 
CL 
3 

CO 

CO -C 

-Q 5 

5 "O 
O 0 
C N 

z.-S'l 

c ~ o 

Eg’Sj 

)r T) C 5 

,2 c => JS 
O o ^ o 

• o • > 


o 

CD 

c 

!q 

-Q 


o 

0 

CM 

O 

O 


ti 

CO CO 

gw 

■j= c 

0 O 

a o) 


Q_ = 
Q- .2 

® 0 
0 O 

-2 CL 

SZ CL 
0 0 

’ ^ 
TO O 
C 0 

© to 

<3 

m | 
£ «o 
2 0 
1 - >» 

o s 

H— “I 

■S « 

0 = 
CL 
3 Q. 

CO < 



LU 

^ u 

■A rS 


0 

i! 

03 co 


c 

o 


0 
>, 

>, 03 
^ 0 

a to 2 s 

= I Q. 2 
g 0 « t: 
.2 o o £ 

0 0^0 

C fTf 

3 -- c .2 

1 E 0 m 
0 0 c is 
-Q >2 0 
3 c* 2 c 

o « 3 o 
c E cr c 
0 -c 0 0 
Z D. CC Z 


'« « 

0 © 

1 o| 

■n w l; 

0 < O w 

.2 H CO < 
IT D 3 Z 

• • • • 


0 

O 
0 
c 
0 
CO 

CM 

8 to 


08 

E 

0 


0 

0 

- 1— 1 

c 


0 c 

>* O 

0 ‘^3 

— 0 

2 .9- 

c .2 

0 1 = 

o 0 

CL 


0 

3 

-o 

_c 

>* 

CD 

t= 

0 

c 

LLi 








Exploration Life Support: Regenerable C0 2 Removal 







Exploration Life Support: Water Recovery 
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Advanced Life Support: Water Disinfection / Recovery 
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PEM Fuel Cell Schematic 

(Dept, of Energy) 








NanoMaterials for EMI Shielding 
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Active Radiation Dosimeter 




0 

^ O ^ 

o co > 
CO Q- LU 







3 

0 

c 

o 
1 — 
■I — • 

0 

OS 


CO 


CO 

CO 

0 

CO 

o 

CL 


0 

> 

co £? 
0 


CD 



_C 



V— < 

0 



0 



0 



■D 


>. 

C 

O 


T' 11 
:> 

0 


'0 

c 

T3 


0 

0 

\ _ 


0 



-O 

0 


0 

c 



0 

rti 

'0 

0 

> 

0 


0 

Q. 


o 

‘co 


0 >, 0 
co .i 

-M is 

0 JL 

c « ® 
.9 e-= 

13 ® O 

f El 

w O £ 

0^0 
■3 £ t 

9 0 /n 
<00 


8* 

« « 
3 0 
o 0 

!c 'co 

0 O 

1 g 

* o 
< 1 > © 
1 — -t— 

o -Si 

**- c 

0 t 
c = 

© o 

0 • 



£= 

o 


co 


g 

s? 

LU £L 


■D 

c 

0 

0 

0 
-*— * 

"O 0 

0 *“ 

N 0 
■-= 0 
0 o 

.1? 

?! 

3 ,<S 

0 0 

}E 0 
0 != 
c 3 
0 w 

® 0 

0 £ 

nrt 0 

0 +- 

T 3 0 % 
2 £ 8 
0 o ^ 
^ g fS 
7 S> S 


0 

0 

0 

0 

o 

c 

c 

0 

O 

_0 

0 

" 1 — 

0 

0 

E 

o 

c 

0 

c 

0 

0 

0 

0 

0 

0 

1 >* 
« > 
-C It; 

O) 0 

X g 

• 0 


c 

-2 05 

0 £ 

^ to 
0 © 
cc I- 



< 

> 

[JJ 


0 


■0 
0 
O 

o c 
0 0 
C > 


0 
0 
£ 

0 _ „ 

O 0 "D 0 

Q (/) < (5 


C/D 

O 

0) 

c 

0 

</) 

0) 


c 

o 

H— ■ 

0 

N 

0 

.1 p 

o 

c w 

**- I— 

0) c 

•g .9 

o .2 

c T3 
0 0 
Z DC 


0 

0 

ll ET o < 

w m m ^ 

O O O w 

C/3 C/5 CO < 
“3 “3 “3 Z 


> 

c 

0 < 

£ > 

QC CL 











Advanced Thermal Protection System (TPS) Repair 
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Thermal Radiation & Impact Protection (TRIPS) 
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Nanotechnology: Astronaut Health Management 
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Develop ‘common toolkit’ for bio-nano 
chemistry and assembly processes 
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